Authors theorize about the relation between social inequities and death by tuberculosis. Nevertheless, the literature is restricted as to verifying the relation between these events in view of space. Therefore, the study objective was to identify areas with social inequity and its impact on the mortality rate by pulmonary tuberculosis.
Introduction
Tuberculosis (TB) is a great problem around the world, affecting 22 countries that concentrate 80% of the cases. About 1/3 of the population has been infected by the bacillus, making the disease hard to control. Brazil figures in that group, ranking 22 nd in terms of the incidence coefficient (33.5 cases per 100,000 inhabitants] and the mortality coefficient (2.3 deaths per 100,000 inhabitants) [1] . In that sense, in 2015, the End TB strategy was launched, which intends to reduce the mortality rate by 95% until 2035 and eliminate the disease by 2050 [2] , imposing great challenges on the health services in Brazil.
Although the treatment is feasible and highly effective (95% success rate], TB can be lethal in more than 50% of the cases that cannot be diagnosed or treated [3] . It is important to mention that, around the world, it is estimated that, in 2015, nine million people caught TB, but three million were not detected by the health services, part of them in Brazil [4] .
The mortality in Brazil dropped by 20.7% in the last ten years, following the global trend. Nevertheless, in 2014, the mortality rate corresponded to 2.6 deaths for every 100,000 people [1] . The issue of TB mortality is an object that arouses concern because, from the ethical-human and legal viewpoints, it should not happen because of the available technological resources or inputs. Nevertheless, the organization and distribution logic of the health services does not permit access to all and precisely those who most need them have run out of these resources [3, 5] .
Another aspect is that the mortality affects the economy, as the disease usually affects young people of economically active age [6, 7, 8] . Different studies have been developed to explain the determinants of TB mortality, such as age [9] , sex [7] , risk behaviors or habits, such as illegal drugs use [10] , smoking [11] , alcohol consumption [12] and association with HIV [13] .
Some studies from different parts of World show that areas with vulnerable populations present higher mortality rate than those who live in areas with better social life conditions and health services [14, 15, 16] , for the last is easier to get diagnosis, treatment and obtain cure, for others patients this process is really more complex, difficult and likely tragic. These results evidence the intense inequality that exists in the world, however it is really stronger in TB High Burden Countries, including Brazil and a great challenge in Century XXI is overcoming in that. For achieve the "End TB", to reduce inequality is mandatory. No differently is Maranhão, which is a great State in Brazil with many problems related to social determinants as education, health, income distribution and housing, and all of these problems may have contributed for mortality due to TB.
The social inequities in mortality due to TB are omnipresent though [17] . The literature evidences that socially disadvantaged people, living in impoverished areas, without high-quality health services, tend to experience more health problems, more sequelae and a lower life expectancy [18, 19] .
Although theoretical studies [17] suggest the relation between social inequities and mortality by TB, few studies have been undertaken to test this tions the health authorities have established should not only promote better access to medical and diagnostic technologies, but also actions that promote the social development of the areas and their resident populations.
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Mortality; Spatial Analysis; Social Inequity. relation through explanatory models of causality [3] . In the study by Alvarez et al. [3] , an interesting model of TB mortality was presented, incorporating the social inequities into the scope. Nevertheless, it was developed in European countries and did not incorporate the spatial dimension to explain the phenomenon.
The concept of social inequity in health rests on the definition by Whitehead and Dahlgren [18] , which considers it as a vector resulting from the differences in health status among population groups of greater or lesser social and economic purchasing power. According to them, when the groups are compared, verifying that the groups at greater advantage are healthier, while less advantaged groups are less healthy, that characterizes the inequities; therefore, they are systematic, socially produced [modifiable] and unfair.
The evidence of the relation between social inequity and mortality by TB can contribute to the advancement of knowledge in this area and appoint the routes of the problem to governments and managers. Therefore, the study objective was to identify areas with social inequity and its impact on mortality by TB.
Methods
Study design and scenery
This is an ecological study [20] carried out in the city of São Luís, state of Maranhão, in the Northeast of Brazil (Figure 1 ) [21] Santos Neto et al [22] identified census sectors with the highest density of deaths per Km 2 ; however, they did not establish the occurrence of these events in relation to the population's socioeconomic conditions.
Population
The study population consisted of all deaths from pulmonary tuberculosis (PTB) as primary cause registered in the Mortality Information System (SIM] from 2008 to 2012. The SIM is the Brazilian national information system, which provides epidemiological and clinical information on the cases of deaths [23] .
Sources of data and Selection criteria
The data were obtained of the Superintendence of Health and Epidemiological Surveillance of São Luis in July 2013. For the study, the deaths of people living in urban areas were considered, whose International Classification of Diseases version 10 -ICD10 corresponded to the causes A15.0 to A15.3 and A16.0 to A16.2.
Analysis of data
Initially, case geocoding (deaths from PTB) was carried out, using TerraView 4.2.2. Spatial analysis was performed by area, using the weighted areas of the city as the spatial analysis unit, aiming to obtain death rates from PTB standardized by age (TMTBPi) for each weighted area according to the formula below:
For the construction of the social inequity indicators, data from the analysis unit of the weighted areas related to dimensions of home conditions, income, education, clustering and water access were selected, outlined by the 2010 Demographic Census [24] , a study the Brazilian Institute of Geography and Statistics develops every ten years, which joins information on the entire Brazilian population. The variables were selected according to the theoretical framework defined for the study [18] . In this research phase, Statistica 12.0 was used, when the component analysis technique was applied, which permitted selecting the most significant variables for each indicator [25] . The criteria proposed by Kaiser were used, in which only eigenvalues above one were considered [26] . Therefore, the correlation matrix of all the original variables and their components were examined, and the variance loads of these original variables were analyzed for each new component selected, considering values above 0.7 as acceptable [25] .
Once the social indicators were selected and their characteristics were verified in terms of composition (variance) of original variables, their scores were calculated for the weighted areas, with subsequent thematic map design. Such scores were classified according to the quartiles (lower, interquartile and top).
After obtaining the file with the TBMPI and the classification of the weighted areas according to social indicators, the OpenGeoDa program version 1.0 was used for data transfer into the ASCII format, for reading in the program R 3.0.2. In addition, a neighborhood matrix was formulated, using the criterion of distance from k neighbors, considering the five nearest neighbors.
The files produced in the step mentioned earlier, together with the neighborhood matrix, were imported in the software R, where the analysis of multiple linear regression by the least squares method was executed, followed by the spatial regression, which takes into account the existence of spatial dependence of the variables.
In the study the TMTBPi of the weighted areas was used as dependent variable and social indicators obtained as independent variables in the regression model, considering the model with the highest adjusted R 2 value as the preferred criterion to choose the best explanatory model.
Since the linear regression model was selected, the residues were investigated to evaluate the existence of spatial dependence by applying the Global Moran's I test, specific to regression residues [27] . After identifying the spatial dependence of the residue, the multiplier test of Lagrange was applied for the diagnosis of the best spatial regression model to be used, either the spatial lag or spatial error model.
The comparison between the obtained models was performed by comparing the values of the Akaike Information Criterion (AIC), which takes into account the maximum value of the log-likelihood and the number of model parameters. According to this criterion, the best model is the one with the smallest value of AIC [28] . The thematic maps were designed using the ArcGIS 10.1.
Ethical considerations
The study received approval from the Institutio- 
Results
This study identified 193 deaths by PTB, of which 190 (98.44%) had no mention of bacteriological or histological confirmation (ICD 16.2); 1 case (0.52%) had no bacteriological or histological examination (ICD A16.1); 1 (0.52%) had histologically confirmation (ICD A15.2] and, 1 (0.52%) had confirmation by sputum microscopy with or without culture (ICD A15.0).
The percentage of geocoded deaths from PTB was 94.80% (183 deaths). Of this total, 179 (98.00%) were geocoded using the cartographic database of street addresses, and 4 (2%) were geocoded using the tool Batch Geocode. The losses that occurred in the geocoding process (n=10; 5%) were related to incomplete addresses in the SIM (n=4; 2%), street dwellers (n=2; 1%) and addresses from the rural region of the city (n=4; 2%). The distribution of TMTBPi according to weighted areas ranged from 0 to 8.10 deaths/100,000 inhabitants-year.
As regards the construction of the social indicators through principal components analysis, the first two components were selected, which carried 73.07% of the total variance. The first principal component (CP1) corresponded to the highest variance explained by the data (56.75%), followed by the second principal component (CP2) (16.32%). Table 1 presents the eigenvectors [also known as loadings] obtained through the eigenvalues. It can be observed that the number of loadings of CP1 superior to 0.7 was higher when compared to CP2. That is the case because the eigenvectors also accompany the degree of importance in terms of variance. In CP2, six variables presented loadings superior to 0.7, relatively lower than CP1 with nine variables. In the analysis of the social indicators, antagonistic characteristics of the components can be verified, in which CP1 exhibited better characteristics of the homes and education, higher income and better living conditions in terms of social wellbeing. The variables highlighted for CP1 permitted its description as an indicator of social wellbeing.
According to the criteria defined in the research, the areas scoring below the lowest quartile were classified with low levels of social wellbeing; in the interquartile with intermediary levels of social wellbeing and, in the highest quartile, high levels of social wellbeing. CP2, in turn, expressed unhealthy housing conditions, greater human agglomeration and low income, and was therefore described as a social inequity indicator, because it evidences less favorable social context variables, permitting the identification of weighted areas of low, interme-diary and high social inequity. Table 2 presents the results of the multiple spatial linear regression model, considering the TMTBPi as the dependent variable and the indicators of social wellbeing and social inequity as independent variables. The application of Moran's Global Test I to the model residues, using the five closest neighbors as the neighborhood criterion, produced a significant coefficient (Moran I=0.285; p<0.001) and demonstrated the existence of spatial dependence. The application of Lagrange's Multiplier Test, in turn, informed that the best model to treat the existing spatial dependence was the Spatial Error Model.
In Table 3 , the results of the spatial error model are observed, in which the Lambda coefficient, the autoregressive spatial parameter, had a p-value of 0.032. This model was considered better than the non-spatial model because its AIC coefficient was inferior to the coefficient obtained through the multiple linear regression model and because it produces residues without spatial dependence.
When visually comparing the classification map of the weighted areas according to the social inequity indicator with the TMTBPi (Figure 2) , it can be evidenced the weighted areas with high social inequity presented higher mortality rates, ranging from 5.77 to 8.10 deaths/100,000 inhabitants-year. In addition, it is observed that weighted areas considered of intermediary social inequity presented mortality rates that ranged between 0.00 and 6.06 deaths/100,000 inhabitants-year.
In that sense, the statistically significant model, which explained the deaths, consisted of the social inequity indicator (p=0.004), with an adjusted R 2 of 23.86% and a negative association with the rates mentioned.
Discussion
Critical areas in terms of social equity were verified, using a spatial regression model, in which its impact on TB mortality could be identified.
As for the diagnostic tests applied to confirm the cause of death by TB, an important percentage of certificates was found without bacteriological confirmation and/or culture, which was also confirmed by other studies in Campo Grande-MS [29] and in Rio de Janeiro [30] . This result refers to an important issue for the health systems and a critical obstacle they need to overcome, due to the possibility of false positives among deaths caused from PTB, since most had no mention of bacteriological or histological confirmation. The explanatory hypotheses for the finding include the lack of information records [31] and the non-prioritization of sputum smear microscopy in the hospital scenario [32] .
Regarding the mortality from TB in Brazil, a downward trend in rates has been observed over the years, with a reduction of 2.9% per year. In 2011, the country achieved one of the targets of the Millennium Development Goals, which aimed for a 50% reduction in the mortality rate of 1990 [33] . Nevertheless, regional differences are remarkable in relation to deaths from this disease, especially in the Northeastern capitals of Brazil, which present rates above the national average [34] .
By analyzing the map of the distribution of TMT-BPi, which spatially appoints the areas with number of deaths/100,000 inhabitants-year, in São Luis, rates above the national average were observed for weighted areas considered with high inequity. The highest number of deaths from PTB among the less favored regions, from the social point of view, implies and justifies the intensification of actions related to the search for respiratory symptoms for early detection of cases, implementation of treatment and cure.
San Pedro and Oliveira [35] , highlighted that TB remains a disease whose production process is closely related to the living conditions of the populations. Research conducted by Pereira, Cutrim Junior and Rodrigues [36] , which aimed to analyze the indicators of conditions of intra-urban housing in São Luís and highlight their internal inequities, pointed out that the neighborhoods with the worst percentage are concentrated mainly in the peripheral areas of São Luís. Among these areas, the neighborhoods of Coroadinho, Ilhinha, Turu, Anjo da Guarda, Vila Nova, Vila Luizão, Vila Embratel, Sá Viana, Divinéia and the areas of Cidade Operária are highlighted. The authors also highlight the urban growth without previous planning, resulting in areas considered subnormal and which reveal inequities in the capital of Maranhão. These neighborhoods are located in the weighted areas that have been classified as areas of greater social inequity, considering the variables investigated in this study.
Curtis [19] points out that areas with high deprivation in relation to decent housing and sanitation, and therefore with greater social inequity, tend to experience health services with little problem solving ability and limitations in terms of supply and services offer. Although the health service network in the weighted areas of São Luis has not been investigated, there are reasons why the authors assume that there is a relationship among deaths, areas where the cases lived and health systems and services of these areas.
Thus, higher or lower occurrence of deaths from PTB in different weighted areas is associated with population clustering and living conditions, since social indicators are highly relevant to the occurrence of this disease. It is noteworthy, therefore, that the spatial regression model constructed aimed to examine these possible associations. In the final model, it was observed that the indicator of social inequity was significantly associated with mortality from PTB, confirming the hypothesis that sustained the research.
With a view to the early identification of the existence of spatial dependence in the distribution of mortality rates from PTB standardized by age in São Luis during the spatial analysis procedures, the spatial autocorrelation of the residues of multiple linear regression were calculated in order to assess whether some correlation degree persists in these residues. The Moran's index was considered statistically significant, indicating spatial autocorrelation. The existence of one or more spatially conditioned factors not included in the model was sustained though, which also influences the mortality rate from pulmonary TB, since the adjusted R 2 value was of 23.86%. Therefore, the spatial analysis indicates that weighted areas in the city occupied without appropriate health infrastructure by a population of low income, low education and living in intradomiciliary clustering conditions had the highest mortality rates from PTB.
The research limitations include other variables that could explain the mortality rates from PTB in the scenario in question, since the presence of residual autocorrelation was observed in the multiple linear regression. The "ecological fallacy" should also be emphasized, since the observed results should be considered at an aggregated level and should not be interpreted at an individual level [37] .
Despite the limitations, this research shows potentials, highlighting its originality, since other stud-ies evaluating the relationship between spatial distribution of deaths from PTB and social indicators in this scenario have not been observed. In addition, the study may help managers and health workers in the planning of health actions, surveillance and control of tuberculosis cases in the most critical areas. It also contributes to the public authorities in terms of rethinking public policies for social development and to meet the target set by WHO, which aims for a 95% reduction of deaths from TB by 2035.
The study discussed the impact of social inequities on mortality by TB, as the indicator rises, that turns into an increase in the mortality rate, which is highly significant from the social, ethical and economic viewpoint. Thus, social protection measures are needed with a view to reaching the targets of reducing deaths by 95%. The country is currently facing one of its worst [economic, political, ideological] crises, which has entailed cuts in education, health, housing, employment, among others. This will probably contribute to increased inequities and, in turn, a directive effect on TB mortality.
